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SUMMARY

The varlous subjects covercd in this report are listed
in the Table of Contents. Abstracts of the individual in-
vestigations are included on the DD Form 1498 introducing
each work unit report, and namcs of Investigators are given
at the beginning of each report.

In conducting the resecarch described in this report,
tiie investigetors adhered to the "Principles of Laboratory
Animal Carc as established by the National Society for
Medical Rescarch,"
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' (U)  APPRIACH= ASPECTS CF GLLUCCSE, PAGTCINL AND FAT METAEIDLISH ARE INVESTISATIO 1
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Project 3A013001A91C 1N-LEOUSE LABCRATORY 1INDEPENDENI RESEARCH
Task Ol, In-House laboratory Independent Research

Work Unit 095, Biochemical action of trace substances - effects of trace
netals on hormone and enzyme activity

Investipators,

Principal: Walter Mertz, M.D.
Associate: CPT Duene E. Thurman
Edward E. Roginski, GS-11

Description.

The object of this research progrem includes the following goals: To
define the mode of action of chromfum in metabolism; establish the node of
interaction with insulin and related substances; determine metabolic and
anatomic defects resulting from chromiun deficiency; study the long-term
cffects of chronic chromium deficiency in aninals and man and to correct
existing deficiencies by adequate supplementation; define the organic,
active coaplex in which chrorium is present in biological systems; study
its effect in various in vivo and in vitro systems; devise methods for
large-scale production of sufficiently purified preparations for testing

in patients; identify the active principle.

Propress.

1. lLaboratory resec:.rch. The eaphasis in the laboratory was shifted
from the study of the effects of simple chromium complexes to that of the
naturally occurring chromium compounds. This shift was based on two reasons:
The study of simple chromium salts cepends to & large degree on the produc-
tion of a chromium-deficiency, which, in turn,can be achieved only with a
rigidly controlled dict rmaking facility., The commercially available diets
do not yet meet the standards of our previous in-house diet making facility.
The naturally occurring chromium corplex(es) has a much stronger effect,
which can be demonstrated in systems that are only marginally chromium-
deficient.

a. Corneal opacity as & sympten of chromium deficiency: This lesion
is produced in 10-15% of rets raised undes well-controlled low-chromium
conditions. In an attempt to elucicate biochemical defects leading to the
opacity, glucose and eamino ecid metsbolism of isolated rat cornea was mease-
ured in vitro. Cornea did not respond to insulin (injected into the domnor
rat or added in vitro) with increased glucose oxidation. Thec effect of
chromium (supplied in diet or added in vitro) was negligible; in contrast
to other systems there was no potentiation of the action of insulin. The
transport of oa-gmino iscbutyric acid, e non-utilizable amino acid analogue,
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was stimulated by insulin, given to the donor animal, and the magnitude of
the insulin effect was significantly greater in the chromium supplemented
than in the deficicent rats. 1t rezains to be shown whether these findings
are also true for natural ezmino acids anc whether they represcnt a major
cause for the development of the lesion.

b, Studies on the effect of chromium on protein metabolism: The
in vivo studies, showing that insulin promotes a greater utilization of
some amino &cids for protein synthesis in chromfum-supplemented rats than
in deficient controls,have been terminated and are written up for publi-
cation. Attempts to study this effect more closely in in vitro systems
(homogenates, robusomal systems) produced unsatisfactory results and were
postponed until a more consistent chroniun deficiency can be produced,

c. Natural chromium complexes: Glucose tolerance factor (GTF).

(1) Chemical: The extraction procedure for the activity from Brewer's
Yeast was improved and applied to & ccamercially available Brewer's Yeast
concentrate with a consistently good vield of GIF activity. Chemical frac-
tionation procedures were applied to these extracts, resulting in purified
fractions of good biological activity. Batch procedures were developed to
be applied prior to the expensive colunn filtration steps, in order t: make
the procedure applicable for pilot plent operation., These consist of adsorp-
tion of .the activity on charcoal eard selective elution with organic solvents.
A proposal based on this method has been submitted to the Department of the
Army, to initiate collaboration on & pilot plant scale with & commercial
company.

Behavior of GIF activity under varied conditions of pH and heat was
studied, Purified fractions from veast grown in a 5lCr-containing medium
were further fractionated by gel filtration and their biological activity
was compared to their chromium content, With the improved extraction pro-
cedure, biological activity was closely parallel to the 51Cr content of the
individual fractions.

(2) Biological: The following biological properties of GIF were
established.

(a) GTF potentiates the action of insulin in chromium-deficient rats,
as shown by a much steeper slope of the dose-response curve to insulin in
the presence of GIF than in its absence.

(b) GTF is much more active than inorganic chromium complexes and it
is less dependent on an optimal concentration.

(¢) 1In epididymal edipose tissue, glucose oxidation is stimulated by
.GIF to a greater degree than is lipogenesis. In diaphragm, oxidation is
increased by GTF, but the utilization of glucose for glycogen foruation is
unaffected.




(d) The utilization of pyruvete and other members of the glycolytic
pathway is not affected by GIF.

(e) GTF acts quualitatively siniler in systems meesuring glucose
uptake from the medium end in the ranometric assay.

(f) 1Inorganic chromium salts, acdninistered to pregnant rats, do not
penetrate into the fetus, Repeated administration increases chromium
transport only slightly. Chromiuz’! in form of glucose tolerance factor
is easily transferred from mother into fetus., These data strongly indicate
that chromium must bc bound in a specific complex to exert maximal biologi-
cal cffects., The nature of this complex (GIF) is still unknown.

2. Collaborative outside studies:

&, A double blind study, conducted on prisoners in Wisconsin, failed
to detect a beneficial effect of chromium supplementation for 106 weeks in
10 diabetics.

b. A collaborative study in Germany with 24 diabetics has terminated
the first 18 cases. Of these, ¢ responded to chromium supplementation with
an improvement of glucose metabolism, in spite of an overall reduction of
hypoglycemic medication} in 2 patients chrorium was ineffectivej in 7 there
vas & questionable effect.

Surmary and Conclusions,

The studies reported here and the results of clinical studies suggest
that an inorganic chromium salt is built into an organic complex (GTF)
before it can exert its maximal biological effect., The failure of 50-65%
of patients to respond to chromic chloride may be related to their inability
to utilize chromium for the synthesis of GIF. The latter has a much stronger
effect in vivo and in vitro. Its properties are nore physiological, as evi-
denced by the ease with vhich it crosses the placenta and by its dose-
response characteristics. GIF is chromium containing complex, present in
Brewer's Yeast and other natural raterial. Its structure is still unknown,

Publications,

l. Mertz, W. ‘The role of chromium in glucose metabolism. Proceedings
1st Annual Conference on Trace Substanc-s in Environmental Health., Univ,
of Missouri, 1967, p. 86.

2, Harlow, D. R., Mertz, W., end Mueller, J. F. Insulin-likec activity
from the sparganum of spirometra mansonoides. J. Parasitol., 53: 449 (1967).

3. Roginski, E. E., and Mertz, W. An eye lesion in rats fed low-
chromium rations. J. Nutrition. 93: 249 (1967).
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4, Mertz, W. Meue Gesichtspunkte zur Wirkung des Spurcnclementes
Chrom im, Kohlehydratstoffuechsel (German), Fortschr. Med., £5: 739 (1967).

5. Roginski, E. E., Feldman, F. J., and Mertz, W, Chromium in thé
newborn rat, Fed. Proc., 27: 482 (19068).
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Project: 3A013001A91C, IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 01, In-House Laboratory Indcpendent Research
Work Unit 098, Chromiur. complexes of insulin and related compounds

Investigators.
Principal: Carl L. Rollinson, Ph.D.
Asscciate: Walter Mertz, M.D,

Description.

To study the interaction of trivalent chromium with biological materials
at physiological pH, to measure co-ordination recactions of chromium with
potential ligands, such as amino acids, polypeptides, carbohydrates,and
fatty acids,and to determine chemical parameters essential for biological
activity of chromium complexes and to synthesize such complexes for biologi-
cal testing.

Progress.

The biological role of chromium, principally enhancement of the action
of insulin, depends on the chemical form of the chromium which is determined
by competition for Cr(III) by various substances in the biological system.
At physiological pH, the characteristic reaction of Cr(III) is olation
(polymerization via bridging OH groups), and insoluble or high molecular
welght products (assumed to be biologically unavailable) may also be formed
by reaction of Cr(III) with other biological substances such as fatty acid
ions, These effects may be more or less nullified or reversed by competi-
tive co-ordinating agents forming low molecular weight rapidly diffusing
Cr(III) compounds. These competitive reactions will establish the molecular
weight range of the products and consequently the diffusibility of the Cr(III),
which can be determined by dialysis.

- In continuation of investigations described in previous reports, a
dialysis procedure has been established by which biological substances can be
screened with respect to their relative abilities to prevent formation of
polymeric Cr(III) reaction products. The method is convenient, generally
applicable to all the substances of interest under all relevant reaction con-
ditions, and it is quantitative in the sense that the results are numbers
establishing an order of stability of the reaction mixtures and consequently
an order of relative tendencies of the biological- substances tested to
co-ordinate witlt Cr(III).

Dialysis curves are obtained showing fractional attainment of dialysis
equilibrium (of Cr(III)) versus time. The relative area under the curve is
proportional to the rate of diffusion and thus inversely proportional to the
average molecular weight of the diffusing species. As the reaction mixture
ages, the change in area under the curve is a sensitive indicator of the occur-
rence of reactions, in particular olation and other reactions leading to




increase In molecular weight of the diffusing species on aging of the
reaction mlxture., Thus, the smaller the change, the more stable the recaction
mixture, 1.c.,, the more effective is the compound under test in competing
with hydroxide ion and other substances forming high molecular weight com-
plexes with Cr(11T),

By this proccdure, the compounds of interest can be placed in an order
of their relative stabilizing tendencies. Amino acids are more or less
effective depending on their molecular weights and composition; the most
effective of thosc tested are serine, methionine and glycine. The most
effective of all substances tested are citrate, pyrophosphate and triphos-
phate. At physiological pH thesc substances in appropriate concentrations
stabilize Cr(III) reaction mixtures for days; moreco.cr, they nullify the
effects of competing substances such as fatty acid ions.

Biological systems,of course,contain cnly trace concentrations of pyro-
phosphate and probably no free triphosphate. On the other hand, organic
derivatives of these inorganic ions are abundant. Exomination of their
structure indicates that they can be expected to be effective complexing
agents and investigation of these substances is therefore definitely planned.

Typical of the many results obtained are those of the fol%owing table,
for yeaction mixtures characterized as follows: Cr(I1II), 10 ° M; pH, 7.0;
Poaﬁ; 0.02 M. The symbols used have the following meanings:

R' % attainment of dialysis equilibrium:

F' 100 x ratio of area under dialysis curye of reaction mixture to area
under dialysis curve for Cr(H?O)4012 , taken as standard of
comparison: '

P' 100 x ratio F' (aged reaction mixture)/F' (unaged reaction mixture).

Q' % decrease in area under dialysis curve caused by changes in compo-
sition due to aging of reaction mixture: Q' is inversely proportional
to the stability of the reaction mixture and to the effectiveness of
the co-ordinating agent,

The versatility of the procedure is apparent from these results which
show effect of reagent, of aging time of reaction mixture, and of concentra-
tion of reagent. Many other results for which space is not available here
show also the effect of pH and competition between, for example, the poly-
phosphates and fatty acid ions, and show also the reversal of olation by
effective co-ordinating agents. In addition to the competition of various
substances for Cr(1TI), there is the possibility of competition of Cr(III)
with other metailic ions for the same ligand (a phenomenon which it is
planned to investigate), e.g., Fe(II), Fe(I1I), Cu(II) and Zn(II).

It is anticipated that the procedure described can be made even more
versatile by suitable modifications. ‘Among the variations either under

N b e e ———————




investigation or being plunncd ave zhe ollowing:
to permit cconomical investizati-n of cxpensive biological materials;

use of microdlalyzers

investigation of membrancs cther than regencrated cellulose unot only be-
cause of possible effects of diflercat materials but also to study a range

or pore diameters; utilizatica ¢l &n attomatic continuous dialysis pro-
cedure in which the reaction mixzure is pumped continuously through the

dialyzer, and a counting tube in the well of the gamma scintillation detector
connected to an automaticslly recoriin: counter.,

Reagent
Pyrophosphate

Triphosphate

Citrate

Glycine

.Glucose

Conc., M Acing Time R' F' P! Q'

10” 1 hr, 97.20 95.25 - -
24 “rs, 98.66 91.18 96.40 3.60
1wk, 99,31 94,12 98.81 1.19
2 wks. 98.72 93.43 98,09 1.91

10 1tr, 98.80 95.49 - -
24 trs. 98.72 92,94 97.34 2.66
1 wk. 96.28 88.98 93.18 6.82

10” 2 B 92.00 84.37 - -
2% hrs, 82.63 70.63 83.72 16.28

10” 1 kr, 99.64 96.66 = -
24 hrs, 97.51 94.09 97.36 2.55
1 wk, 98.76 93.19 96.41 3.59
3 wks 100.00 95.16 98.45 1.55

107 1 99.87 95.19 - -
24 hrs 98.31 92.34 96.99 3.01
2 wks 97.88 91.92 96.57 3.43

10~ 1*kr. 97.49 94.73 - -
2% =rs 100.00 95.34 100.64 -0.64
11 ¢ 100.00 94.25 99.48 -0.52

10” 1 kr. 97.15 93.93 - -
24 hrs 96.63 86.62 92,22 7.78
1wk 97.97  86.31 91.8) 8.11

10 1 ar. 93.84 87.78 - -
24 nrs 86.59 76.10 86.69 13.31

107 1 &r. 90.41 84.16 - -
24 nrs 74.77  61.42 72.98 27.02




Summary and Conclusifons.

The principal biological role of chromium 1s an enhancement of the
action of insulin., Lstablishing the mechanism of this effect requires a
knowledge of the recactions of Cr(11I) with biological substances at physio-
logical pll, By mcans of dlalysls, such substances can be readily tested to
determine their relative abilities to keep Cr(ITI) in the form of low
molecular weight rapidly diffusing species. Dialysis curves are obtailned
showing fractional attainment of dialysis equilibrium versus time. The
arca under the curve is proportional to the rate of diffusion, and there-
fore inversely proportional to the average molecular weight of the diffus-
ing species. As the reaction mixture ages, the change in area under the
curve is a sensitive indicator of the occurrence of reactions, in particu-
lar, olation and othcr reactions leading to increase in molecular weight of
the diffusing species. Thus, the smaller the change the more stable the
reaction mixture; i.e., the more effective the compound under test in com-
peting with hydroxide ion and other substances forming high molecular
welght complexes with Cr(I1I)., On this basis, the compounds of interest
can be placed in an order of their relative co-ordinating tendencies.
"Amino acids are found to be more or less effective depending on their
molecular weights and compositio.; the most effective of those itested are
serine, methionine and glycine. The most effective of all substances tested
are citrate, triphosphate and pyrophosphate. At physiological pH these
substances in appropriate concentrations stabilize Cr(III) reaction mix-
tures for days; moreover,they nullify the effects of competing substances
such as oleate., (U)

Publication.

Rollinson, C. L., Rosenbloom, E., and Lindsay, J. Reactions of
chromium(III) with biological substances. Proc. 7th Internatl. Congress
Nutrition, Vol. 5, p. 692-697, 1967, :
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Project 3A013001A91C IN-HOUSE L.AZ07ATOKY INDEPENDENT RESEARCH
Tesk 01, In-llouse Independent latoratory Rescarch
Work Unit .N5, Metallic micronutrients and intermediary metabolism

Investigators.
Principal: Hear A, Schrocder, M.D.
Associlate: Walter Mertz, M.D.
D. F. Frost, Ph.D,
A. P, Nason, B.S.
J. J. Balassa, Ph.D.

Description:

The general purpose of this research 1is to ascertain whether or not

any common chronic discases of infustrialized man result from a) accunu-
lation of a specific abnormal traz:ze element, or b) from wmarginal deficiency
of an essential trace element. Tco arproach this problem, one nceds to know
whether or not tissue deficiency cf zn essential trace element occurs in
man, especially as a function of aAgirz, and which abnormal elements accumu-
late in tissues and which do not. The next step is to expose animals to
each element and observe effects.

Small mammals with a feasibly short life span, mice and rats, are born
and raised in an environment as free of airborne and other metallic con-
taminants as possible. An unique animal laboratory was specially built for
this purpose. The diet of seed rve flour, corn oil and dry skim milk,
fortified by vitamins, is low in -ost trace elements. The essential trace
metals, zinc, copper, manganese, zobzlt, molybdenum,and chromium are added
to doubly deionized drinking water i~ amounts equivalent to their concentra-
tions in a standard laboratory chcw. To the basic drinking water is also
added one abnormal trace element, ustally at 5 ppm, as a soluble organic
complex (acetate or citrate).

Weanling mice and rats, born i= our laboratory, equally divided as to
sex, numbering about 100, are givsn this drinking water for their lifetimes,
which under these conditions have lasted up to 30 months for mice and 52
months for rats. Functions meastred in mice are growth rates, weights, sur-
vival and longevity, microscopic patzology and incidence of tumors; these
are measured in rats as well as uvrirzry protein and glucose, blozd pressure,
serum cholesterol, glucose and uric =z=cid, visual estimation of &ortic
plaques, and amounts of aortic liridz. In both types of animals, heart, lung,
kidney, spleen,and liver are ashel and analyzed for the metal given. An
equal number of controls are trezted identically. Analyses are nade by micro-
chemical, fluorimetric and atomic absorption spectrophotometric methods.
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Progress,

Effects of arsenic, germaniun, tin. and vanadium in mice were evaluated.
The addition of 1 ppm chromium(III) acetate improved the growth rates and
survival curves of controls, increasing longevity. Tin accumulated in heart
and spleen but was not toxic in terms cof life spans and longevities. Ger-
manium accumulated in spleen and decreazsed life span and longevity. Arsenic
accumulated to some extent in liver, heart, and lung, decreasing life span
and longevity. Growth rates were unaffected, but body weights of older
animals were suppressed as follows: Arsenic in males, germanium and tin
in both sexes. No significant effects of vanadium were found.

Effects of zirconium, niobiuz, antimony and fluorine (10 ppm) were
evaluated in mice. Niobium and antiniony were somewhat toxic in females,
accumulated in tissues, and hepatic fatty degeneration occurred with niobium.
Zirconium was relatively non-toxic and no accumulation was found. Fluoride
was non-toxic in these terms.

Effects of germanium, tin,and arsenic were evaluated in rats. There
were no effects on growth, Tin was toxic in terms of life span and longev-
ity in females and germanium in both sexes, producing fatty degeneration of
the liver. Renal tubular vacuolar degeneration also occurred with tin.
Both elements accumulated in tissues, gerranium only to slight extent.
Arsenic was non-toxic in spite of lirge accumulations in all tissues, espe-
cially aorta and red blood cells.

Spontancous tumors were suppressed in mice fed germanium and arsenic
and in rats fed germanium. None of ten elements was tumorigenic or carcio-
genic when given by mouth.

The feeding of selenium as selenite but not as selenate caused marked
early mortality in rats, but not in mice. Serum cholesterol levels were
elevated in rats deficient in chromium and low in those fed chromium. Of
13 elements, low levels were found when fed niobium, chromium,and nickel,
and high levels when fed tellurite, Diiferences tetween levels of males
and females were found for germanium, cadrium,and tin, female values being
higher, and for vanadium,chromium and selenium, female values being higher.
Chromium, especially, appears to be anti-cholesterogenic in rats, and in
some human beings.

Surveys of environmental sources and exposures, and tissue concentra-
tions by age were published for tellurium, zinc and cadmium, germanium and
cobalt, involving hundreds of analyses. The role of chromium in mammalian
nutrition was reviewed. Human tissue concentrations of lead from U.S,.
and foreign subjects were compiled. Lsad accumulates in American but not
foreign tissues, except for aorta, wvhere it accumulates in both groups.

Further experiments on cadmium hypertension in rats have shown that the
mechanisms of this disorder and renal ischemic hypertension are dissimilar,
although their effects are additive. TFailures to induce hypertension by
partial constriction of the renal artery were converted into successes by
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feeding cadwium in drinking water for three wecks. Hypertension was

rapidly induced by renal ischemia in the absence of renal cadmium, and
cadmium hypertension was slowly induced (two years) in the absence of

renal ischemia, The injection of a zinc loaded chelate, Na,Zn CDTA, lit-
tle affected renal ischemic hypertension but abolished cadmIum hypertension,
displacing renal cadmium with zinc in both cases. Renal ischemia resulted
in a loss of zinc and copper, but not cadmium or chromivm, from the ischemic
kidney, increasing the ratio of cadmium to zinc. The chelate reversed this
increase.

*

In acute experiments using direct measurements of blood pressure, rats
fed cadmium for two months had higher mean pressures than did cadmium-free
controls, although few were actually hypertensive. These rats showed les-
rened responses to the intravenous injection of norepinephine and angio-
tensin. This diminished response was restored to normal by injection of the
zlnc chelate. Intraperitoneal injection of cadmium was also follovcd by an
immediate rise in blood pressure. This chelate of zinc has been evaluated
as to toxicity and is ready for clinical trials.

The following 11 elements are being given to mice at 5 ppm in drinking
water except as noted: scandium, gallium, selenite (3 ppm), selenate (3 ppm),
molybdenuy, rhodium, palladium, indium, tellurite (2 ppm), tellurate (2 ppm),
chromium s the potassium oxalate, 12 ppm). Administration of yttrium
and chromium  will begin shortly. :

The following 11 elements aje being given to rats at 5 ppm in drinking
water except as noted: Vanadium, chromium (12 ppm), nickel, selenite (3 ppm),
zirconium, niobium, molybdenum, cadmium, antimony, tellurite (2 ppm), lead.

Preliminary evaluation of data based on incomplete or nearly complete
life spans has demonstrated toxicity for mice exhibited by selenite, tel-
lurite, scandium, gallium and possibly indium. For rats, toxicity in one
form or another has appeared for antimony, cadmium, tellurite and lead.

Attempts are being made to cause more severe forms of atherosclerosis
than we have formerly produced by chromium deficiency. Using a diet of
sugar, torula yeast,and lard, varying the.type of sugar (raw, brown, white)
and eliminating manganese, copper,or zinc from the basic drinking water, we
are attempting to induce a conditioned deficiency of a trace element and
evaluate 1ts effects upon gross and microscopic alterations in blood
vessels, aortic content of lipids, and changes in serum glucose and choles-
terol levels. Preliminary analyses have disclosed lower fasting glucose
levels in rats fed brown sugar than those fed white sugar.

Surveys o. the environmental sources and exposures of human beings to
each of 16 trace elements have been published, and to one bulk element,
magnesium, has been completed. Surveys on selenium, antimony, and molybdenum
have been begun--the methods are slow and cumbersome.
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Analyses for chromium on all carbohydrate foods avallable and on a
number of fats are completed. Vhen major sources of calories are refined,
chromium is partly lost to a large extent in sugars.

Six diabetic patients have been given 1.0 mg of chromium(III) as the
chloride, acetate,or oxalate daily for the past two years., In one case
glucose tolerance has returned to normal. The cther five have been given,
in addition, 10 mg manganese as the acetate daily for two months. Slight
improvement in glucose tolerance has been found in three and marked improve-
ment in one, It is too early to tell whether improvement will be contin-

uous.

Summary and Conclusions.

In order to evaluate biological effects of trace clements, mice and

rats were exposcd for their lifetimes to small doses of each of many essen- |
tial and abnormal elements in drinking water, in a laboratory and on a

regimen designed to avoid environmental contamination. Growth rates, sur-

vival and longevity, microscopic pathology of tissues, concentrations of J

trace elements in tissues and in rats, blood pressure, serum cholesterocl,
glucose and uric acid, aortic plaques,and lipids and tumor rates were meas-
vred or examined. Surveys of the human environment for six elements in
foods, water, vegetation, wild animals were also madc by trace elcment
analysis, and human tissue concentrations for four. arsenic accumulated

in mouse and greatly in rat tissues; it was slightly toxic only to mice.
Germanium was somewhat toxic to mice and rats and depressed tumor rates,
accumulating in tissue. Tin accumulated and was toxic to rats but not in
mice. Vanadium was non-toxic to mice. Zirconium did not accumulate and
was non-toxic; antimony was toxic to both species and accumulated. Nio-
bium was slightly toxic to mice but not to rats. Chromium deficiency in-
duced elevated cholesterol and glucose levels as did tellurite. Selenite
was toxic, selenate not. A zinc chelate of .CDTA abolished cadmium hyper-
tension in rats and removed some renal and hepatic cadmium. Cadmium feeding
or injection raised blood pressure and diminished responses to norepine-
phrine and angiotensin. Lead accumulated in American but not foreign human
tissues with age. Normal dietary intakes of germanium, tellurium, zinc,
cadmium and cobalt were ascertained. Preliminary conclusions from this and
previous work are that renal cadmium is ah accessory factor in human hyper-
tension, its mechanism differing from frhat of renal ischemic hypertension,
that chromium deficiency may be an accessory factor in atherosclerosis,
that other trace elements may suppress spontaneous tumors in mice, 2nd

that a number of other trace elements are either inert or exert vague
toxicity not associated with any Temon§trable disease.

Publications.

Schroceder, H. A., and Balassa, J. J. Arsenic, germanium, tin and
-anadium in mice. Effects on growth, survival and tissue levels. J.
Nutrit., 92, 245-252 (1967).
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Schrocder, H, A,, Mitchener, ., Balassa, J. J., Kanisava, M,, and
Nason, A, P, Zirconlum, niodiuz, zntimony and fluorinc in mice. Effccts
of growth, survival and tissue levels. J. Nutrfit., 95, 95-101 (1968).

Schroeder, M. A., Kanisawa, M., Frost, D. V., and Mitchencer, M.
Germanium, tin and arsenic in rats. Effects on growth, survival, patho-
logical lesions and 1life span. J. Nutrit., 1968 (in press).

Kanisava, M., and Schroeder, H. A. Life term studics on effect of
arsenic, germanium, tin and vanadium on spontaneous tumors in mice.
Cancer Research 27, 1192-1195 (1967).

Schroeder, H. A, Effects of seclenate, selenite and tellurite on the
growth and early survival of mice and rats. J. Nutrit., 92, 334-338 (1967).

Schroeder, H. A. The role of chromium in mammalian nutrition. Am. J.
Clin. Nutrit., 21, 230-244 (1968).

) Schroeder, H, A., Buckman, J., and Balassa, J. J. Abnormal trace
metals in man: Tellurjum. J. Chronic Diseases 20, 147-161 (1967).

Schroeder, H. A., Nason, A. P., Tipton, I. H,, and Balassa, J. J.
Essential trace metals in man: Zinc., Relation to environmental cadmium,
J. Chronic Diseases 20, 179-210 (1967).

Schroeder, H. A., and Balassa, J. J. Abnormal trace mctals in man:
Germanium., J. Chronic Diseases 20, 211-22"

Schroeder, H. A., Nason, A. P., &nd Tipton, I. H. Esseatial trace
metals in man: Cobalt. J. Chrenic Diseases 20, 869-890 (1968).

Schroeder, H. A., and Tipton, 1. H. The human body burden of lead.
Archives of Environmental Health (in press).

Schroeder, H. A., Nason, A. P., Prior, R. E., Reed, J. B., and
Haessler, W. T. Influence of cadrium on renal ischemic hypertension in
rats., Am. J. Physiol., 214, 469-%474 (1968).

Schroeder, H. A., and Buckrzn, J. Cadmium hypertension. Its reversal
in rats by a zinc chelate. Archives of Environmental Health, 14, 693-697
(1967). .

Schroeder, H. A., Nason, A. P., and Mitchener, M. Action of a chelate
of zinc on trace metals in hypertensive rats. Am. J. Physiol., 214, 796-800
(1968).

Schroeder, H. A., Nason, A. P., and Balassa, J. J. Trace metals in rat
tissues as influenced by calciunm in water. J. Nutrit, 93, 321-336 (1968).
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Projcct, HAQLZ00LACLC, TH-ZOUIS T ARORATORY INDFPRHDENT RIESIEARCH
Task 01, In-Housc labcratory “nacvendent Research

Work Unit 106, Physice chemiczl studies of” the biologilc
significance ¢ entiviral antlbody

Investigators.
Principal: Joseph A, Rellsrtl, D
Assoclates: Fdward I,. Puescher, COl, MC, Malcolm S. Artensteln,
Barbara Klutirls, bBrigette Cantz, Margarct Moffitt,

Mamie Farr

Description.

This is a definitive study o thz biologic significance of
antiviral antibody in order -0 esssss 1ts role in immunity
in man. Control mechaniszs =xd sequence data are being sought.
The study of serum and local respifatory antibody responses
has been performed in children Immunized with inactivated and
attenuated measles virus vaccires. The data suggest that al-
though the distributicn of s=ruw: antibody is quite similar
following the use of toth wvac:ci:=s, respiratory yA- associated
antibody is produced regular_ - cnly after immunization with
attenuated vaccine. In addizior, studies of characterization
of nasal and serum antibddy rgsoomeels 1T Feerll s Iniflegted
with adenovirus type & have con-inued as well as the study of
regponses of children infects3 wlith Salmonella. These studies

have included the use of radcisirunodiffusion techniques.

t
NS




III Progress.

A. Physicochemical studies of humora!l and local antibody responses to
infection and immunization.

1. Respiratory viruses

]
a. Serum and local antibody r2sconses in children following
immunization with attenuatad and inactivated measles
vaccine

A major area of investigation of this labcratory over the past year has been a
continuation of studies with measles virus vaccines reported in last year's annual
report (1966-67),

Background

In recent years, a growing body o evidence has accumulated which suggests
that the presence of antibody in local respiratory secretions, primarily of the
IgA variety (Annual Reports 1964-65, 1965-¢6, 1966-67) may be a more important
index of host resistance to certain viral infections than circulating antibody.
Further, in volunteer studies, it was demonstrated that although injection of an
inactivated type 1 parainfluenza virus vaccine produced serum antibody responses
similar to those following upper respiratory tract infection with type 1 virus, im-
munization with inactivated vaccine was significantly less effective in stimula-
ting the appearance of IgA antibody in nasal secretions. These observations
suggested that the presence of serum artibedy alone or its induction by vaccines
may be inadequate to assess the effectiven=ss of certain viral vaccines.

Up until recently, two types of meas!as vaccines were available for immunization: !
an inactivated and a live attenuated vaccinza, Several studies have indicated that
both vaccines are capable of inducing cood levels of serum antibody. However, the ;
duration and degree of protection afforded by the inactivated vaccine appears to be
inferior to that of the attenuated. More distressing than the apparent lack of clinical
effectiveness, however, have been several recent reports of unexpected reactions in
recipients of the inactivated vaccines +ho later receive live vaccine or who are
exposed to natural measles.

The present studies were conductad in order to compare the ability of inactivated
and attenuated measles vaccines to stimulzte antibody in serum and nasal secre-
tions of children and to study the immunochemical characteristics of such antibody.
The possible application of these findings 0 the recently described problem of
altered reactivity of the host to inactivated vaccine is currently under study.

Subjects : These studies were corZucted at the Children's Convalescent
Hospital, Washington, D.C. and at Georgstown University Medical Center, Depart-
ment of Pediatrics. The study group cons:sted of 24 children whose ages ranged
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from 10 months to 33 ycars and in whom a history of measles infection or measles
immunization could not be obtained. Despite this, pre--bhleedings revealad that

8 children, or 33% of the group had serological evidence of prior measles infection
(Table I). Administration of inactivated and attenuated vaccines was assigned
arbitrarily and resulted in the creation of four subgroups (Table I).

Vaccines . A formaldehyde - inactivated, alum-precipitated measles virus
vaccince* was administered to 7 children whose pre-immunization sera lacked
measles neutralizing antibody and to 5 children whose pre-immunization sera
revealed the presence of antibody (Table I). The vaccine wes administered in a
serics of 3 injections of 0.5 ml. each given at 0,1, and 2 months.

A live attenuated measles virus vaccine, Schwarz strain (Lirugen)**, was
administered to 9 children whose pre-immunization sera lacked measles neutrali-
zing antibody and to 3 additional children found to be seropositive (Table I).

Collection and processing of nasal secretions and sera. The methods used
for the collection and processing of nasal secretions and sera were essentially
those described previously (Annua) Reports 1964-65), 1966-67).

Immunochemical Characterization of antibody. Protein concentrations of
nasal secretions were determined by the Lowry Method, and immunoglobulin con-
centrations by the agar diffusion method. Selected sera were also fractionated
by density gradient ultracentrifugation. '

Radioimmunodiffusion studies. Because of limitations of the resclution of
separation of immunoglobulins by physico-chemical techniques and of limitations
in the amounts of nasal secretion specimens, a radioimmunodiffusion technique
was developed for these studies bascd on the method described in last year's
annual report for adenovirus. °

Briefly, Edmonston strain of virus was grown in the presence of 014 uniformly
labeled amino acids. Following 6 days of growth the cell sheets were washed and
harvested into 15 ml Hank's balanced salt solution. The fluids were frozen and
thawed five times to release virus and then centrifuged at 500 g per 15 minutes to
remove cell debris and dialyzed against phosphate buffered saline. The prepara-
tion used for radioimmunodiffusion studies contained 340,000 cpm per ml.

Radioimmunodiffusion studies were performed on selected sera and nasal
secretions using the indirect method described for adenovirus (Annual Report 1965-66) .

*Inactivated measles vaccine prepared in monkey kidney tissue culture, Chas.
Pfizer & Co., Inc.

**Attenuated measles virus vaccine prepared in chick embryo tissue culture,
Pitman-Moore Division of the Dow Chemical Company.
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Immune response of soronegative children to immunization with inactivated
vaccine. Six of seven children immunized with three monthly doscs of inacti-
vated vaccine, all of whom lacked neutralizing antibody in their pre-immunization
sera, responded with serum necutralizing antibody ("ig. 1, Table I1). Serum anti-
body was first detected by the 28th day in one child and in 6 of 7 children by 42
days. The serum antibody responsc followed a classical immunological response
with increments of risc noted after each dose of inactivated vaccine (Fig.1).

In contrast to the antibody response in serum, nasal antibody was detected
in single specimens from only 2 children on the 56th and 70th days respectively.
(Fig. 2, Table II). The nasal antibody titers in these specimens were 1:2 and
1:8 with corresponding serum antibody titers of 1:64 and 1:1024 ,respectively.

Immune response of seronegative children to immunization with attenuated

vaccine. All seronegative children who received attenuated vaccine responded

quite promptly with serum antibody following a single injection of attenuated
vaccine (Fig 1, Table II). Serum antibody was detected in all specimens tested
by the 14th day reaching maximum levels by 42 days. These levels were sus-
tained for at least 84 days.

Nasal antibody was first detected by the 14th day in 3 of 8 specimens,
reached a maximal titer in 5 of 8 specimens and remained detectable until 70 days
(Fig 2, Table II). Nasal antibody was detected at 170 days in 1 of 3 followup
specimens tested. ‘ ‘

Immune response of seropositive children to immunization with either inacti-
vated or attenuated vaccines. Eight children found to contain antibody in pre-
immunization sera, presumably the result of natural infection, were also studied
(Table I). Two of 3 children immunized with attenuated vaccine showed a two-
fold or greater rise in serum antibody; of 5 receiving inactivated vaccine, 4 showed

" a four-fold rise,

Nasal antibody was detected in 5 of 8 seropositive children. In 7 of these 8
children a two fold or greater rise of nasal antibody was noted follcwing immuniza-
tion with either vaccine. Thus, it appears that nasal antibody is more regularly
stimulated following the rise of attenuated vaccine, but once produced, it can be
stimulated once again by either vaccine.

Characterization of Proteins and Antibody in Nasal Secretions. Nasal secre-
tions collected from these children at two-week intervals were studied in detail.
The mean levels of totz] proteins and immunoglobulins remained quite uniform through-
out the test period wit!: the exception of day 56 on which the levels were somewhat
increased in the group receiving attenuated vaccine. (Table III). In all instances,
the yA immunoglobulins were present in relatively greater concentration than the
7G immunoglobulins. :

22




Characterization of antibody in nasal scoretions in both groups was accomplishéd
by mecans of radioimmumodiffusion studies. Representalive analyses are given in
“Table 1IV. In the only two specimens found to contain neutralizing antibody from
two children immunized with inactivated zccine, radioimmunodifiusion binding of
virus was noted with the yG immunoglobulins in 1 case (CDA),and the yA and yG
immunoglobulins in the other (DA). In sccorezions obtained from children immunized
with attenuated vaccine found to contain neuviralizing antibody activity, characteri-
zation of antibody by radioimmunodiffusicn revcaled it to be predominantly of the
yA-variety (Table 1V),

In a selected group of secretions, radioimmunodiffusion studies were performed
using an antiserum specific for the secrezcry (11.48S) YA globulins., Analysis with this
antiserum revealed positive binding in 5 s2crations.,

Characterization of Serum Antibody F2sp-nse. Sera collected from the same
children whose nasal seccretions were analyzzd "were also'studied by means of
sucrose density gradient ultracentrifugaticn and radioimmunodiffusion studies
(Table V). Analysis by these techniques revzaled no significant differences in
the distribution of serura antibody of childrer immunized with inactivated or with
attenuated vaccines. Neutralizing antibody was detected in association with the
YA, 7G, and YM immunoglobulins.

The present findings suggest a signiiica:t difference in the humoral and local
neutralizing antibody responses of childrsn to immunization with inactivated and
live measles virus vaccines. These resconsas are quite similar to these described
with parainfluenza type 1 inactivated vaccins and live parainfluinza inf zction.
(Annual report 1966-67). Immunization v ith inactivated vaccine appears to be as
equally effective in stimulating serum aniibciy as the attenuated vaccine, however,
antibody in nasal secretions appears regularly only after the use of attenuated
measles virus vaccine.

Recent reports have appeared of unexpec:ed reactions in recipients of inacti -
vated measles virus vaccine who later receivead live vaccine or who are exposed to
natural measles. Such children have bezn roted to develop atypical skin lesions
and pneumonitis following mzasles or a lccalized Arthus reaction following live
measles immunization. Such atypical respcases have also been seen in children
immunized with inactivated respiratory s\mcviial virus vaccire and who later acquire
natural disease.

Two mechanisms have been suggested tc explainthese untoward reactions: one
suggests delayed hypersensitivity, the o:nher suggests Arthus type reaction.

The present findings would support t:e lztter hypothesis. Recipients of in-
activated measles vaccine appear to be unable to produce local IgA antibody in
respiratory tract secretions although the serum antibody response is adequate.
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Upon exposure to natural measles, or immunization with attenuated vaccine, the
child would respond with viral replication in the respiratory tract or in the skin and

- the serum antibody response would be accelerated in an anamnestic response.,  When

this happens, an unusual situation would he vroduced with both virus and antibody
present at the samec time. When this occurs immunologic injury would be produced
by an antigen-antibody interaction at the site of viral replication, vig lung or
skin in a typical Arthus type reaction.

These observations have obvious relevance to the problem of 1mrhunoprophylaxis
in viral respiratory tract disease. It is clear that vaccines which stimulate serum
antibody selectively without respiratory tract antibody should not be used for at
least 2 reasons. First, the presance of local IgA antibody seems to be of para-
mount value in protecting the host to viral infection as a first line of defense.,
Secondly, an imbalance may be created as a consequence of these vaccines which
could lead to a state of altered reactivity ‘ollowing subsequent natural infection
or the use of attenuated vaccine.

These studies will be continued over the coming year in animal models in order
to gain further insight into the ability of aitenuated vaccines or infection to stimu-
late respiratory antibody. '

b) Characterization of serum and loczl antibody responses in recruits infected
with adenovirus type 4.

A second major area of investigation of this laboratory over the past year has
been the study and characterization of serum and nasal antibody following immuni-
zation and/or infection with adenovirus tyoe 4.

The methods of gel filtration with Sephadex gel filtration (Figs. 3,4) have given
partial information regarding the sequentizl appearance of antibody in serum and the
characterization of nasal antibody (Annual reports 1965-66, 1966-67). The method
of radioimmunodiffusion described in last year's annual report has been studied in
greater detail with regard to sensitivity and spe<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>